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The Reactive Bed Plasma System for Contamination Control 

by Joseph G. Birmingham, Robert R. Moore and Tony R. Rer^v 

Introduction 


- r. e m 




' r. August IQS' 7 , M a A ore tide! the Plasma Group at the 
:ca. Research, Reve^oprr.ent ar.d Engineering Cer^er (CRDECi a 
c : memicals including . i-juiis, vapors, and particulates 

a:-; ar.tinpatec to cause c ; r; tarn i n a 1 1 on problems aboard the 
e station il . CEIEC has selected severa* o: these compeunds 

,rS". an invention described as the Reactive Bed P.tasma 
tor. The objective of this paper is to summarize the 
? i nation cor. tro. capabilities of the Reactive Bed Plasma 
) system by delineating the results of toxic chemical 
mposit. studies. aerosol filtration work, and other 


ng . 


Description of inactive Bed Plasma 

The Reaciive Bed Plasma ( R B ? ) was invented at the 
Chemical Research, Development and Engineering Center (CRDEC) to 
provide breathable air m chemical and biological warfare 
environments The RBP is a synergistic combination of a plasma 
lor ionized gas) and catalytic technologies to produce an air 
purification system. The catalytic packing material’s main 
function is to facilitate an increased amount of time in the 
active plasma region for contaminant molecules in a flowing air 
stream. The plasma generated high energy electrons and 
subsequently produced species decompose toxic materials. In 
addition, the RBP can perform as a highly efficient electrostatic 
precipitator collect and eventually deactivate hazardous 
particulate material. Since, the RBP can handle toxic chemicals 
as well as hazardous aerosols, it can be described as an 
un i versal f l i ter . 


It is understood that trade-offs exist for any new 
technology. Some disadvantages of the RBP concept include the 
emission of electromagnetic noise (necess l tati ng the shielding of 
the device), high voltage hazards and the treatment of reaction 
products. The advantages of the RBP include the p tential for 
operating as an efficient, low temperature, long-lit »d, minimal 
energy-consumption, universal contamination control device. 

Toxic Chemical Decomposition Studies 

The list of chemicals provided by NASA included liquids 
and gases such as chlorinated compounds (such as hydrochloric 
acid, tr ichloroethane and chlorine), organics (such as benzene), 
and others. The KBP system has been tested against several 
compounds including cyanogen chloride (2), phosgene (3) and 
benzene (4). These test gases allow the contamination control 
capability of the RBP to be extrapolated to many chemical groups. 
Each gas’s decomposition results reveals an important attribute 
of the RBP system. The efficient decomposition cf cyanogen 
chloride demonstrated that the RBP did not exhibit the 
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characteristic poisoning mechanisms of catalysts. Additionally, 
the phosgene results indicated that the RBP utilise" low 
temperatures (around 150 degrees C) and its performance does not 
iegrad: quickly. Also, any hyur'-uhl uric a , i d icrmea was converted 
tc i chlorine (as expected from a * o w temperature process). 

: : r, a . * v , t r. e bencene testing showed that tha RE? can easily 
decompose or fames flowing in ar air stream. The main reaction 
products f r?m these decomposition studies induce carbon dioxide 
ar. : water, salts, ana small amounts of acid gases (including 
.tdzgens from the parent compounds and nitrogen dioxide from the 
air stream:. The RBP has demonstrated the potential as a low 
temperature, efficient and universal decomposition system for 
hazardous compounds m a flowing air stream. 

Aerosol Processing in RBP 

Particulate materials on NASA's Contamination Control 
list include Poxystryene Latex Spheres, microbes (which might 
include Bacillus Globigi spores and T - 2 mycotoxin). and 
semi conductor processing aerosols. The Reactive Bed Fiasma (RBP) 
reactor combines electrostatic precipitation with a packed bed to 
form a new aerosol filtration device. The testing of the RBP 
with Polystryene Latex spheres revealed that the RBP was a more 
efficient filter than for the empty plasma reactor (electrostatic 
precipitator) or a single packed bed (5). The biological aerosol 
challenges of the RBP including Bacillus Globigi spores (a heat 
resistant simulant for pathogenic species) and T~2 mycotoxin 
demonstrated efficient deactivation and decomposition, 
respectively (6). The RBP could become an ultraf ll trauon device 
with the incorporation of a ceramic High Efficiency Particulate 
Aerosol (HEPA) filter. Therefore, the RBP has the potential to 
become an aerosol filtration device for many applications. 

Post- treatment of RBP Effluent 

The requirement to neutralize any products found in the 
reactor effluent will be undertaken in the post- treatment section 
of the RBP system. Two approaches of removing the reaction 
products are packed beds and gas separation membranes. First, 
packed beds consisting of reactive material coated onto alumina 
support spheres has demonstrated the efficient removal of 
nitrogen dioxide and chlorine. This packed bed system will 
undergo additional testing. Next, some contamination control 
applications would allow a gas separation membrane to separate 
products to undergo further treatment in a scrubber solution. 
Since post-treatment burdens for contamination control are 
minimal, the solutions suggested may be adequate. 

Contamination Control Approach Utilizing an RBP 

The Reactive Bed Plasma (RBP) system has demonstrated the 
capability of efficiently processing many of the chemicals 
suggested by NASA. The ability to process liquids will require 
vaporization of the contaminate materials. This phase change may 
require the use of heat and air to introduce the hazardous 
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material into the RBP. Alternately, waste gases car. be processed 
directly Additional work is required to meet the stringent size, 
weight and volume constraint s of the Space Station. 
Nevertheless, it is believed that the Reactive Bed Plasma system 
can provide contamination control for many applications. 


Summary 


The Reactive Bed Plasma (RBP) system has demonstrated its 
unique capabilities to decompose toxic materials and process 
hazardous aerosols. The post-treatment requirements for the 
reaction products have possible solutions. Although additional 
work is required to meet NASA requirements, the RBP may be able 
to meet Contamination Control problems aboard the Space Station. 
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Reactive Bed Plasma Presentation 
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REACTIVE BED PLASMA 
EFINITION AND OBJECTIVE 
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Contamination Materials 
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Contamination Materials 
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CHEMICAL PROCESSING RESULTS 



o 

5 

a 

H 

Z 

dJ 

O 

z 

O 

O 


-J z 

< O 

C K 

m < 

< 3 

3 Q 


• tt 

2 a 


jC CD 

O K 

ID 

c ^ 
0 
o 
o 
e 

j I 

O £ 

* 5 

o - 


a 

a 

o 

^ o 

9 CM 

C 

9 

9 

« 

o e 
a E 

o N 

o 


Ck 

a 

K 


i J 

9 CD 


ft 

A 

V 


LIMIT OF DETECTION 














COMPARISON OF REACTIVE BED PLASMA 
AND THERMA* FACTORS 
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PHOSGENE DECOMPOSITION 
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BENZENE DECOMPOSITION IN 
A REACTIVE BED PLASMA 
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Challenge: 177 ppm Benzene @ 2.0 CFM Air 

applied Power: 1000 watte 


ADVANTAGES OF RBP TECHNOLOGY 
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Latex Spheres 

Microbes 

Others 



AEROSOL REMOVAL MECHANISMS 
OF POLYSTYRENE LATEX SPHERES 
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CONFIGURATION OF ULTRA HIGH EFFICIENCY 
RBP AEROSOf . COLLECTION SYSTEM 
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Air By-Product Formation in RBP 
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REACTION PRODUCTS 
CLASSES AND REMOVAL TECHNIQUES 
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INORGANIC SALT : NH^CI 
INORGANIC ACID GAS : Cl & NO 



POST-TREATMENT 
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